Background
In 2009, it was estimated that almost 310 000 lead-poisoned children younger than 5 years of age did exist in the United States. Although the prevalence and severity of childhood lead exposure have significantly reduced since the removal of lead from paint and gasoline in 1970s, the exact prevalence of this exposure is not clear in many countries of the world including Iran. 1 In Middle East, although limited, there are few studies that have reported the prevalence of lead toxicity in children. In 2006, Safi et al mentioned that mean blood lead level (BLL) of children living in Gaza, Israel, and Jordan was 2 µg/dL showing a significant decrease in comparison with the previous studies in this region mainly due to phasing out of the leaded gasoline as other studies from the same region in 1980s had shown a mean BLL ranging between 8 and 15 µg/dL in this age range. [2] [3] [4] In Saudi Arabia, this measure has been reported to be 5 µg/dL. 5 However, studies from other countries in this region are lacking.
In developed countries, several screening programs are being run to determine high BLLs from the early stages of conception in pregnant women. In fact, US Preventive Service Task Force recommends screening for BLLs at the age of 12 months for all children with identifiable risk factors and all children who live in societies with high or unknown BLLs. 6 However, in developing countries where the prevalence of lead toxicity and exposure is still high including Iran, such screening programs do not exist. This puts the young population of these countries at the risk of lead poisoning and its long-lasting complications.
The main aim of such screening programs is to reduce the severe and life-time complications of lead toxicity in young people. Signs and symptoms of lead poisoning include constipation, abdominal colic, anemia, renal failure, weakened immune system, impaired function of the central nervous system, low birth weight, still birth and miscarriage, and premature birth. 7, 8 In children, impaired growth is another major complication of lead poisoning.
In Iran, there is no screening system in pregnant women and young children. This is while different routes of lead exposure have been identified in this country. 9, 10 Lead-contaminated opium has been determined as a route of lead exposure in Iran although its exact source remains unclear. It has been claimed that exposure to lead-contaminated opium through inhalation or ingestion may result in lead poisoning. 11 Therefore, inhalational exposure to lead-contaminated opium may be a route of 2 Clinical Medicine Insights: Pediatrics poisoning in the children who are exposed to their parents' opium smoke. Recent data show high prevalence of lead toxicity in children, even those who were not exposed to opioids, suggesting polluted environment as the cause of lead exposure. 12 Pollution in the city centers due to leaded gasoline is not nowadays a major problem in Iran as leaded gasoline is currently out of the Iranian market. Mean lead level was reported to be quite high in Iranian children in previous studies. 13 
Objectives
The main goals of this study were to determine the mean BLL in population of the children referring to our pediatric clinic for routine control of growth and development, after exclusion of those with history of lead toxicity in past, and determine factors accompanying lead exposure in this age population in our area.
Methods

Study design and setting and selection of participants
This single-center, cross-sectional study was conducted using a convenience sampling of all pediatric patients visited in pediatric clinic of Loghman Hakim Hospital from May to July 2017. Although this institution is the only tertiary hospital for pediatric poisoned patients in the capital city and the largest in the country, 14 children were visited in general pediatric clinics for routine control of growth and development. Patients younger than 14 years of age who had referred to the outpatient clinic for routine checkups or causes other than signs and symptoms of lead poisoning were included. Subjects who disinclined to participate in the study, those older than 14 years of age, and those with a history of lead poisoning were excluded. Those with severe conditions and in need for hospitalization were also excluded.
Using a self-made questionnaire, basic and clinical characteristics of the patients including their sex, age, weight, height, their parents' education and occupation, history of lead toxicity in the family, family history of opium abuse, living and playing in the industrial areas, age of the residential building and water pipe type, history of pica, type of the toys the children played with, using calcium and iron supplements as well as type of the cooking pots and possible signs and symptoms of lead poisoning were documented for each single patient. Weight (kilogram) and height (centimeter) were evaluated considering the national normal values using digital weighting scales wearing light clothing and a wall-mounted stadiometer without shoes and socks. A 1 mL venous blood sample was taken from the child after taking consent from his/her parents/guardians.
Hemoglobin and mean corpuscular volume (MCV) was documented. Blood lead level was measured using Lead Care II (ESA Biosciences, Inc. 22 Alpha Road, Chelmsford, MA, USA) with ability to check the whole BLL between 3.3 and 65 µg/dL (range of detection). Lead Care II relies on electrochemistry and a sensor to detect lead in the whole blood where the kit is specific for quantitative measurement of lead in fresh whole blood specimens. The device was calibrated for each 48-batch run using standard quality control detectors of lead set at levels of 27.4 ± 4 and 9.8 ± 3 µg/dL. Results obtained on quality control samples were within the expected range. Any value below the detection limit of 3.3 µg/dL was assigned a value of 1.6 µg/dL (midpoint between 0 and 3.2 µg/dL) for statistical analysis. Possible levels more than 65 µg/dL were considered to be sent to reference laboratory to be checked by atomic absorption technique.
Study outcome
Blood specimens were collected only once for each child during visit in the clinic. Adverse outcomes were defined as BLL ⩾ 5 µg/dL and BLL ⩾ 10 µg/dL according to recent and previous Centers for Disease Control and Prevention (CDC) levels of concern for adverse health outcomes in children, respectively. 15 
Normal values
Anemia was defined based on normal mean and lower normal limits of hemoglobin (Hgb), hematocrit (Hct), and MCV for each age and sex. 16 National standard measures of height and weight for age were used for the classification of the patients as short stature/underweight (<3rd percentile), 3rd to 14th percentile, 15th to 49th percentile, 50th to 84th percentile, 85th to 97th percentile, and tall/overweight (>97th percentile). 17 We dichotomized height growth (ie, below or more than 50th percentile of stature for age) for binary regression to see whether it showed significant correlation in univariate analysis.
Power calculation
Assuming a = 0.05, an error of 0.02, and a standard deviation of 0.1, 18 using n = (A 2 × s 2 )/d 2 formula, 100 pediatric patients were recruited. All children who referred to our pediatric clinic were included.
Data analysis
The variables were entered into statistical package for social software (SPSS) version 21 and analyzed using descriptive and analytical analyses by chi-squared test, Fisher Exact test, and Mann-Whitney U test. "Enter" binary logistic model was performed to determine independent variables that had an association with lead level of more than limit of detection (LOD; <3.3), 5, or 10 µg/dL. Linear regression model was used to evaluate the relationship between BLL and independent variables. Odds ratio was calculated using Exp(B), that is, the exponentiation of the B coefficient. One-sample Kolmogorov-Smirnov Test was used to determine whether the Zamani et al 3 variables were normally distributed. Median (interquartile range [IQR] ) and mean (SD) were used to express non-normal and normal continuous variables, respectively. A P value less than .05 was considered to be statistically significant.
Ethics approval
The study was approved by our local ethics committee in Shahid Beheshti University of Medical Sciences (IR.SBMU. RETECH.REC.1396.74).
Results
Of the 100 children evaluated, 53 were male. Their median (IQR) age was 60 months [19, 96] with minimum age of 4 days and maximum of 12 years. The parents had mainly low socioeconomic status with 56% of the fathers being low-income workers (less than poverty line, <US$1190 per month in Iran) and 91% of the mothers being housewives. Of the possible signs and symptoms of lead poisoning, pallor (anemia), abdominal pain, constipation, failure to thrive, and bone and muscle pain were detected in 19%, 18%, 15%, 9%, 4%, and 4% of the children, respectively; 8% were reported to be difficult children and 1% had attention deficit hyperactivity disorder (ADHD).
A total of 46 children (46%) had a BLL less than LOD. Median BLL was 3.4 (1.6, 5.1) (1.6, 41.7) µg/dL. We used BLL as a continuous variable in linear regression model and it showed that pipe type and residential area (P < .001 and P = .023, respectively) were variables that could significantly predict BLL. Figure 1 shows non-significant correlation of the age and BLL in metal vs plastic pipe users; 25 and 8 patients had BLLs above 5 and 10 µg/dL, respectively. Considering 5 and 10 µg/dL as critical BLLs in 2 different analyses, there were no statistically significant differences between the groups at these cut-offs regarding their age, sex, exposure to opium smoke or oral opium, age of their residential building, and pica habits. However, other significantly different factors were detected in groups at 3.2 (LOD), 5, and 10 µg/dL cut-offs, which are shown in Table 1 . Mean corpuscular volume and hemoglobin were also similar in groups at cut-offs of 5 and 10 µg/dL. There was a significant univariate association between place of living (industrial vs non-industrial area), water pipe type (metal vs polyvinyl chloride [PVC] and polypropylene pipes), using dairy products more than a liter per day (yes vs no), and stature in both blood lead cut-off levels of 5 and 10 µg/dL. "Enter" binary regression analysis showed that 50th percentile of stature for age (odds ratio of 0.196 [0.047, 0.810] associated with high blood levels at cut-off of 5 µg/dL). Pipe type was the only predictor of high BLL at cut-offs of 3.2, 5, and 10 µg/dL (Table 2) . Median (IQR) and mean (±SD) BLL in metal pipe users were 1.6 (1.6, 3.7) and 3.2 ± 2.5 (range: 1.6-17.3 µg/dL) which was significantly less than PVC and polypropylene pipe users with 6.6 (2.9, 12.4) and 8.6 ± 9.3 (range: 1.6-41.37 µg/dL; P < .001; Figure 2 ). Pallor (indicator of anemia) was related to using iron-calcium supplements with an odds ratio (95% confidence interval [CI]) of 4.5 (1.2, 16.7; P = .018).
Discussion
Lead can affect Iranian children through air, water, soil, food (particularly milk, fish, flour, vegetables, tea, lemon juice, tomato paste, and rice), toys, dried herbs/herbal medicine, and makeup products. Many of these sources of exposure are also a lead source in the other countries based on the geographical area and nutritional habits. 7, 8 Central nervous system is the most vulnerable part of the body to lead poisoning in young children. Although a BLL of 30 µg/dL has been mentioned as the normal BLL, 7 far less levels are acceptable in young children and fetus. 19 Blood lead levels of 5 µg/dL or less have been mentioned as acceptable BLLs in children as they are probably safe and do not cause lead-related complications. 15 Our results showed that lead-polluted atmosphere in industrial areas might increase the BLL in children living in there. The possible role of living in polluted areas and increasing BLL has already been mentioned in pregnant women. 20 Most of these children lived in areas where upholstery or paint industry was active, a finding compatible with previous studies. 21 Many of toxic effects of lead are reversible if lead exposure is identified and discontinued early but high BLL and delay in treatment may lead to irreversible symptoms. Chronic low-level lead exposure may cause hearing loss and decreased intelligence quotient (IQ). [22] [23] [24] One interesting finding of this study is that despite routine beliefs, use of plastic PVC and polypropylene pipes accompanied a higher BLL in the children, while it is generally assumed that old pipes accompany a higher BLL. This may be due to the poor quality of the PVC pipes and leakage from them. The high-quality PVC pipes should contain a mean of 85% of PVC resin, while in the poor-quality pipes, this measure is almost 55%. 25 Role of PVC toys in development of lead toxicity has already been declared in Iran. 26 On the other hand, the mean lead concentration in old and new PVC and polypropylene pipes is higher than metallic pipes and exceeds Environmental .02 b 8 (9) 3 (37.5)
.045 c 11 (11) Water pipe 6 (24) 23 (25) 2 (25) 25 ( Protection Agency (EPA) standards or World Health Organization (WHO) guidelines. 27 Therefore, it seems that the current attempt for changing the type of the pipes from metal to plastic polypropylene and PVC ones in the water distribution systems is not successful enough to prevent plumbism and care should be given to use high-quality pipes for such purpose. [28] [29] [30] The other finding of this study was the risk of short stature in the children with high BLLs. In fact, risk of being less than 50th percentile of stature for age was almost 5 times more in the children with BLLs ⩾5 µg/dL. Although lead toxicity has been mentioned as 1 out of 4 remediable conditions resulting in short stature, 31 Mahram et al 32 could not find any significant difference in growth parameters of the affected children. Blood lead level may also represent a mixed marker for unidentified genetic, ethnic, environmental and sociocultural variables, race, sex, and nutrition that affect growth. 33 However, the significant correlation between stature and BLL (in the range of 5-41.7 µg/dL) in regression analysis is strong enough to deserve investigation in future studies with consideration of the multiple biologic mechanisms particularly parents' body mass indices, by which low-level lead exposure could affect the children's stature.
Positive history of lead poisoning in the family, exposure to opium smoke, and ingestion of at least 1 L of dairy products per day were accompanied by higher BLLs. It is assumed that using 1 L dairy products or 1 g calcium intake per day is considered a healthy diet to prevent lead absorption as there is a competition between lead and minerals. 34 Family exposure to lead, such as using lead-contaminated opium in the house, my increase risk of lead absorption in children. However, we have no explanation why using more dairy products and calciumiron supplements increased the risk of higher BLL except for the background diseases including anemia, which might increase lead absorption, per se.
Limitations
It is recommended to re-check BLL by atomic absorption method when the blood sample lead level is shown to be high using Lead Care II. Although there were fairly few patients with BLLs greater than 5 and 10, these cases with high BLLs were not confirmed by atomic absorption method, which is definitely a limitation of this study. Also, the new manual notebook of the device recommends capillary samples for the best results as the results may be underestimated using venous samples; however, we checked venous samples because we had started recruiting cases before this warning. Maternal cigarette smoking data were not available. All of our cases were taken from the children who had referred to the pediatric clinic of one center in Tehran and more sample collections from different parts of the city and even country were warranted to determine the exposure pattern in our children. Using the very small sample size from a single referral center in Tehran and obtaining such high levels of lead in our patients shows the importance and great need for screening programs in the Iranian children to prevent future complications of lead exposure in them.
Conclusions
Higher BLLs may be seen in shorter pediatric population. Polyvinyl chloride and polypropylene water pipes may even 
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Clinical Medicine Insights: Pediatrics cause more release of lead and result in higher absorption of lead in the pediatric population. Having more than 25% of the children in the group with BLLs ⩾5 µg/dL definitely shows a high rate of lead exposure in Iranian children compared with studies from other parts of the world. 35 It should prompt a public health response. Blood lead level screening is recommended in high-risk pediatric population in national scale. Also, evaluation of the actual water lead content in PVC pipes is a public health concern and warranted in future studies.
